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TECHNICAL MEMORANDUM X-894

LOW-SPEED STATIC AND OSCILLATORY STABILITY
CHARACTERISTICS OF A MODEL OF THE
APOLLO LAUNCH-ESCAPE VEHICLE
AND COMMAND MODULE®

By Peter C. Boisseau
SUMMARY

A force-test investigation has been conducted at the Langley Research Center
to provide some information on the longitudinal and lateral stability character-
istics at low subsonic speeds of a l/7-scale model of the Apollo launch-escape
vehicle and command module. The model in all configurations had at least neutral
static longitudinal and directional stability near zero angle of attack. The
launch-escape vehicle had stable values of damping in pitch but unstable values
of damping in yaw near zero angle of attack, whereas the command module in the
exit attitude had very small values of damping in pitch and yaw.

INTRODUCTION

An investigation is being conducted by the National Aeronautics and Space
Administration to provide information on the stability characteristics of the
Apollo spacecraft over the speed range from subsonic to supersonic (for example,
see refs. 1 and 2). The present investigation was made to provide some informa-
tion on the longitudinal and lateral stability characteristics at low subsonic
speeds of a l/7-scale model of the Apollo launch-escape vehicle and command
module.

Static and dynamic force tests were made with the launch-escape vehicle over
an angle-of-attack range from -30° to 60°. Similar tests were made of the com-
mand module in the exit attitude over an angle-of-attack range from 0° to 180°.
Only static force tests were made of the command module in the reentry attitude
over an angle-of-attack range from O° to 180°. The models were also tested over
an angle-of-sideslip range from -20° to 20°. The data are presented with a mini-
mum of analysis.

*Title, Unclassified.




SYMBOLS

The positive direction of forces and moments is shown in figure 1. The data
are referred to the body system of axes originating at the center of gravity (see
fig. 2). All measurements are reduced to standard coefficient form and are based
on the maximum dismeter and cross-sectional area of the command module.

A maximum cross-sectional area perpendicular to X body axis, sq ft
Cp axial-force coefficient, Axial force
Q.
. Drag
Cp drag coefficient, ——
QA
- Lift
Cy, 1ift coefficient, a;z—
. .. Rolling moment
Cy rolling-moment coefficient,
., Ad
c tive dihedral % gt
effective edral parameter —_
'8 : T \BB patso

ACZ,ACH,ACY incremental force and moment coefficients

. . . . Pitching moment
c pitching-moment coefficient,
m AL

Normal force

Qoo

CN normal-force coefficient,

Yawing moment

Cp yawing-moment coefficient, Y
Ay
Cn directional-stability parameter, —
B LB 450
Cy lateral-force coefficient, Lateral force
U A
c ide-f t Ly
side-force parameter —
I3 7 \8B Jgas0
d maximum body diameter, ft




Fy side force, 1b

k reduced-frequency parameter, g%
My rolling moment, ft-1ib
MZ yawing moment, ft-~1b
q pitching angular velocity, radians/sec
é rate of change of pitching angular velocity, radians/sec2
Ao free-stream dynamic pressure, lb/sq ft
R Reynolds number
iy yawing velocity, radians/sec
v free-stream velocity, ft/sec
XY,Z body reference axes
a angle of attack of model center line, deg
a rate of change of angle of attack, radians/sec
B angle of gideslip, deg
w circular frequency of oscillation, radians/sec
x, . 3, 3y
(] = = C =
VR
2V 2V 2V
3, Xy Xy
Cas = Chpr = Cy. =
! (QdE g 3 qd2 Ng 3 4d?
42 yve hy2
oC o oC
Ay T Jo To  da @ o




r rd Dy
(57)
oCy
12 12 w2
o o ¢
Cp, = —t Cpe = —2 Cy, = X
B a(Bd) ] a(ad‘) B &1)
ov. v v

A dot over a symbol denotes a derivative with respect to time.

DEFINITION OF DERIVATIVES

In the present investigation the term in-phase derivative refers to any one
of the oscillatory derivatives that are based on the components of forces and
moments in phase with the angle of pitch or yaw produced in the oscillatory tests.
The term out-of-phase derivative refers to any one of the stability derivatives
that is based on the components of forces and moments 90° out of phase with the
angle of pitch or yaw. The oscillatory derivatives of the present investigation
were measured in the following combinations:

- K20
Cma k Cm(.1
2
Cp_ - K=Cp.
Ag, Aq B In-phase pitching derivatives, per radian
Cy_ - K2Cy.
Ng qu
Cmq + Cm&

CAq + CA& Out-of-phase pitching derivatives, per radian

C + C
Nq Ng,

cos a + kgczi\

2
cos a + k Cnf > In-phase yawing derivatives, per radian

QYB cos o + kECY}
W,




Ny ng > Qut-of-phase yawing derivatives, per radian

MODEL AND APPARATUS

Drawings and photographs of the configurations tested are presented in
figures 2 and 3, respectively. The model was constructed of aluminum and steel
tubing and was fabricated in such a way that the escape tower could be removed
from the command module (see fig. 3(b)), thus providing the various configura-
tions used in the investigation. The escape tower could also be fitted with a
9.30-inch-diameter disk at the base of the rocket. (See figs. 2(a) and 3(c).)

The tests were conducted in a low-speed wind tunnel with a 12-foot octagonal
test section at the Langley Research Center. The apparatus and technique used in
the tests are described in reference 3.

TESTS

Static and dynamic force tests were made to determine the longitudinal and
lateral stebility characteristics of the launch-escape vehicle over an angle-of-
attack range from -300 to 60°0. Similar tests were also made for the command mod-
ule in the exit attitude over an angle-of-attack range from 0° to 180°. Only
static force tests were made of the command module in the reentry attitude.

The force tests were made at a dynamic pressure of 4.05 pounds per square
foot which corresponds to an airspeed of about 59 feet per second at gtandard
sea~level conditions and to a test Reynolds number of about 0.68 X 10° based on
the maximum dismeter of the command module. Most of the dynamic force tests were
made in pitch and yaw for amplitudes of *5° and for a reduced-frequency parameter
k of about 0.6. TFor a few of the dynamic tests the amplitude was varied up to a
meximum of *300.

PRESENTATION OF RESULTS

The static longitudinal and lateral data for the launch-escape vehicle and
command module are_presented in figures 4 to 12, and the oscillatory data for both
configurations are presented in figures 13 to 17.




Static Derivatives

The data of figure 4 indicate that the launch-escape vehicle was trimmed in
pitch at an angle of attack of about 5° and was statically stable longitudinally
about this trim point over an angle-of-attack range from about -25°0 to 20°. The
data also show that the disk had only a small effect on the pitching-moment and
normal-force characteristics but had an appreciable effect on axial force. Since
some of the data have a nonlinear vhriation with angle of sideslip, the lateral-
stability parameters presented in figure T should be used only to give an indica-
tion of the trends in the lateral stability characteristics of the launch-escape
vehicle. The values of these parameters were obtained from the difference between
the values of the coefficients measured at angles of sideslip of #59. Thesge data
indicate that with tower on, the model was statically directionaily stable for
angles of attack from about -18° to 18°. It is also shown that the disk generally
increased the directional stability over the angle-of-attack range.

The data of figure 8 show that the command module, in the exit attitude, was
trimmed in pitch at an angle of attack of about 54° and was statically stable
longitudinally about this trim point over an angle-of-attack range from about 0°
to 100°. The command module in the reentry attitude (see fig. 9) was trimmed in
pitch at an angle of attack of about 28° and was statically stable longitudinally
about this trim point over an angle-of-attack range from about 0° to 80°. The
lateral data of figure 11 show that in the exit attitude the command module had
neutral static directional stability up to an angle of attack of about 40° and
then became stable up to an angle of attack of about 110°. The command module in
the reentry attitude had positive CnB up to an angle of attack of about 780

before becoming unstable (see fig. 12).

Dynamic Derivatives

The variation of the in-phase and out-of-phase derivatives with angle of
attack for the various model configurations tested are presented in figures 13
to 17. Also presented with the in-phase data for the purpose of comparison are
static force-test data (k = 0). These data show generally good agreement between
the static and dynamic force-test results.

The data of figure 13(b) show that the launch-escape vehicle without the disk

had stable values of damping in pitch -(Cm + Cm&> over the angle-of-attack
ad

range tested (-30° to 60°) but that the damping was low near zero angle of attack.
The data also show that the model with the disk had unstable values of damping in
pitch for angles of attack from about -5° to 5°. The yawing oscillation data

presented in figure lh(b) show that the launch-escape vehicle had unstable values
of damping in yaw (Cnr - Cn. cos m) for angles of attack from about -10° to 10°

with or without the disk.

In general, the command module in the exit attitude had very little damping
in pitch (see fig. 15(b)) or yaw (see fig. 16(b)).




The data of figure 17 indicate that large increases in the amplitude of the
oscillation tend to increase the damping in pitch near zero angle of attack for
the launch-escape vehicle. ’

CONCLUDING REMARKS

A force-test investigation has been conducted at the Langley Research Center
to provide information on the longitudinal and lateral stability characteristics
at low subsonic speeds of a l/7-scale model of the Apollo launch-escape vehicle
and command module. The results of the investigation show that the model in all
configurations had at least neutral static longitudinal and directional stability
near zero angle of attack. The launch-escape vehicle had stable values of damping
in pitch but unstable values of damping in yaw near zero angle of attack while the
command module in the exit attitude had very small values of damping in pitch and
yaw. Increasing the amplitude of the oscillation tended to increase the damping
in pitch near zero angle of attack for the launch-escape vehicle.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., July 10, 1963.
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Figure 1.- System of axes used in investigation. Arrows indicate positive directions.




‘poTIroads 9STMIOUQO SSOTUN SIYOUT UT S4B SUOTSUSWIP TTY ‘UOTIBSTISOAUT UT PISnN TSPOW JO SIYDISHE ~°T 2an3Ty

*oToTUsA adedsa-youne] (B)

2L°99
06°59 -

6L°6s

AR

ST°62

nen Leroe -
e 63° 6T —>1
SR e ZH0QT

A= MOTA OPIS

oo
‘Werp. L¥°92 VAM .*|
/

7 oy e 4

l/l A8Ta

‘WETD 022

‘WeTP 08°4
e0I8 POQQoM.

*PRd ¥° 928

¥83d

P .//.vﬂ ot
SR —=] B¢ e\




*POpPNTOUC) -°g IANITL

*UOT3RINBTIUOCD STNPOW-PUBREHO) (q)

= 42002
PR 62°6T
PRI 82°T
Py
0e° T,
ﬂ UOTIBMITIU0D AIqH08T
‘purM eATIETEY woy3BINBTIU0D 1IXS
‘Dura OATIETON
‘pel $°92
PRI 00°TT
.uwp o1*T
> 2T°¢

O
—



(a) Launch-escape vehicle.

Figure 3.~ Photographs of model configurations tested.
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(b) Escape tower removed from command module.
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Figure 3.
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